In this paper, a numerical integration method for real-time vehicle dynamics analysis with multibody technique is discussed. When the effect of the deformation of a rubber bush is considered in a multibody simulation, the rubber bush is usually defined as a force element with a high-stiffness property. In this case, the multibody vehicle model contains high frequency modes. As a result, the multibody vehicle model requires a small step size for the numerical integration. In this research, the real-time simulation with a multibody vehicle model was realized by the generalized-α scheme, which allows a dissipation of high-frequency modes with keeping the accuracy in low-frequency modes. In order to evaluate the influence of the parameter for the generalized-α scheme on the accuracy of an analysis result, the authors propose to derive a transition matrix from numerical simulation results. In addition, a methodology of choosing the parameter for a real-time simulation is also mentioned. It was confirmed that a stable real-time simulation with multibody vehicle model including the rubber bush properties can be performed with keeping high accuracy for low frequency modes by choosing a proper parameter according to the methodology.
Carpinelli Cuadrado Hegazy BDF BDF Rosenbrock α α Newmark-β Fig. 1 Transition of spectral radius. This figure shows the effect of the parameter ρ ∞ in the Generalized-α method to the spectral radius ρ in 1-DOF harmonic oscillation system. It is shown in this result that the smaller value of the parameter ρ ∞ causes the stronger numerical damping. For comparison, the spectral radius of the Runge-Kutta method is also shown in this figure. When a big time step h is given, the spectral radius ρ also becomes big, which implies the numerical instability,
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Two-DOF multibody model. This model is used in order to show the validity of the calculation method for the transition matrix described in this chapter. Each body is connected to the ground by soft spring, on the other hand, those bodies are connected by relatively hard spring element. The narural frequency of this system is 1 Hz and 1000 Hz. Thus, this system is a kind of the stiff system. Table 4 Evaluation of spectral radius. These spectral radii were numerical obtained from the simulation results. The method is described in Chapter 3. The spectral radius changes according to the strength of the numerical damping, which can be adjusted by the parameter ρ ∞ , and the time step h. . It is shown that those results are well-agreed, even though the time step for the Generalized-al pha method was much bigger than that of the Runge-Kutta method.
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